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ABSTRACT 

It has been found t o  be poss ib le  t o  opera te  t h e  continuous channel 

e l e c t r o n  m u l t i p l i e r ,  a r e c e n t l y  developed type of windowless e l e c t r o n  

m u l t i p l i e r ,  i n  a ga in  s a t u r a t e d  mode such than s i n g l e  charged p a r t i c l e s  

en te r ing  t h e  input  mouth of t h e  channel w i l l  i n i t i a t e  output  pu lses  whose 

amplitude and shape a r e  both uniform and independent of t h e  cha rac t e r  of 

t h e  e x c i t a t i o n  r ad ia t ion .  

pu lse  can be made s t a b l e  aga ins t  changes i n  such opera t ing  condi t ions  a s  

ambient pressure  and appl ied  vol tage .  

d i s t r i b u t i o n  i s  noted a t  very high count r a t e s  bu t  opera t ion  f o r  s h o r t  

per iods  a t  count r a t e s  of a t  l e a s t  10 

operated i n  t h i s  mode the  e f f i c i e n c y  of t h e  channel f o r  t h e  de t ec t ion  of 

e l e c t r o n s  over t he  energy range 250 eV t o  10 keV i s  est imated t o  be 

g r e a t e r  than 50%. 

i n  rocke t  borne low energy e l e c t r o n  spectrometers  t o  obta in  the  energy 

spectrum of t h e  au ro ra l  e l ec t rons .  

t h e  d e t e c t o r s  was a s  expected. 

By s u i t a b l e  design of t h e  channel t h i s  s a t u r a t e d  

Some degradat ion i n  t h e  pulse  he igh t  

5 per  second i s  poss ib le .  When 

The channel m u l t i p l i e r  has been used a s  t h e  d e t e c t o r  

Data i n d i c a t e s  t h a t  t he  operat ion of 



In t roduc t ion  

It has  been recognized t h a t  t h e  r o l e  of low energy charged p a r t i c l e s  i s  

a very important one i n  expla in ing  and understanding t h e  dynamics of t h e  charged 

p a r t i c l e  popula t ion  near  t he  e a r t h  and of t h e  i n t e r a c t i o n  between s o l a r  processes  

and t h e s e  p a r t i c l e s .  For example, J. Freeman has  found, us ing  cadmium s u l f i d e  

c r y s t a l  d e t e c t o r s ,  l a r g e  energy f l u x e s  of low energy t rapped p a r t i c l e s  and l a r g e  

v a r i a t i o n s  i n  these  f luxes  a s soc ia t ed  with geomagnetic and s o l a r  a c t i v i t y .  

C. Snyder, e t .  a l .  has  measured the  charged p a r t i c l e  stream comprising t h e  

t l s o l a r  wind" and found them t o  possess  energ ies  i n  t h e  hundreds t o  thousands 

of e V  range. 

p a r t i c l e s  were observed and c o r r e l a t e d  with t h e  subsequent occurance of 

geomagnetic a c t i v i t y  on t h e  e a r t h .  

Sudden inc reases  i n  t h e  average energy and f l u x e s  of t hese  

On t h e  b a s i s  of t h e  observed a l t i t u d e  d i s t r i b u t i o n  of t h e  luminosi ty  of 

a u r o r a l  forms t h i s  phenomena has  long believed t o  be due t o  t h e  i n f l u x  of 

r e l a t i v e l y  low energy charged p a r t i c l e s .  

by rocke t  measurements of 0 .  McIlwain and o thers .  Balloon observa t ions ,  

however, i n d i c a t e  t h a t  o f t e n  q u i t e  ene rge t i c  e l e c t r o n s  (hundreds of keV) 

accompany such p r e c i p i t a t i o n .  

This has  been d i r e c t l y  confirmed 

The q u a l i t a t i v e  measurements of the i n t e n s i t y  and energy spectrum of 

p a r t i c l e s  i n  t h i s  energy range has  been hampered by t h e  l a c k  of s u i t a b l e  

d e t e c t o r s .  Techniques, such as continuous gas  flow Geiger counters ,  

r e f r i g e r a t e d  s c i n t i l l a t i o n - p h o t o t u b e  de tec to r s ,  l i q u i d  s c i n t i l l a t o r s ,  and 

t h e  l i k e ,  t h a t  are  used i n  t h e  labora tory  t o  measure these  p a r t i c l e s  a r e  

e i t h e r  impossible  o r  extremely d i f f i c u l t  t o  use  on sounding rocket  o r  

s a t e l l i t e  experiments.  
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Tota l  energy f l u x  d e t e c t o r s  such as  cadmium s u l f i d e  c r y s t a l s  o r  t h i n  

s c i n t i l l a t o r s - w h e r e  t h e  g ross  l i g h t  output of t h e  s c i n t i l l a t o r  i s  measured 

have been used i n  space sc i ence  experiments and have given d a t a  on t h i s  

parameter. Total p a r t i c l e  f l u x  d e t e c t o r s  such a s  ba re  e l e c t r o n  m u l t i p l i e r s  

o r  charged p a r t i c l e  t r a p s  used i n  conjunction with e l e c t r o s t a t i c  energy 

ana lyzers  have a l s o  been flown but a r e  e i t h e r  r e l a t i v e l y  bulky o r  l a c k  

s e n s i t i v i t y .  

Descr ip t ion  of t h e  P resen t  Work 

Recently a windowless e l e c t r o n  m u l t i p l i e r ,  t h e  continuous channel e l e c t r o n  

m u l t i p l i e r  (Channeltron) has  been developed a t  t h e  Bendix Research Labora to r i e s .  

Because i t s  small s i z e  and s i m p l i c i t y  would make i t  an i d e a l  t o o l  i n  space 

r e sea rch ,  an i n v e s t i g a t i o n  was undertaken a t  GSFC t o  determine i t s  s u i t a b i l i t y  

f o r  t h e  de t ec t ion  of low energy charged p a r t i c l e s .  

The opera t ion  of t h e  channel m u l t i p l i e r  has  been f u l l y  descr ibed  by Wiley 

and Hendee, and many of i t s  c h a r a c t e r i s t i c s  have been ou t l ined  by Angel, e t . a l .  

B r i e f l y ,  t h e  channel m u l t i p l i e r  i s  a c a p i l l a r y  tube  i n  which t h e  m u l t i p l i c a t i o n  

of e l e c t r o n s  occurs on t h e  i n t e r i o r  w a l l s  of t h e  tube ,  t h e  e l e c t r o n s  acqu i r ing  

t h e i r  energy f rornan  a x i a l  e l e c t r i c  f i e l d  e s t a b l i s h e d  down t h e  tube  by a p o t e n t i a l  

d i f f e r e n c e  applied from one end of t h e  tube  t o  t h e  o t h e r  (Fig. 1). The 

e l e c t r o n  cascade r e s u l t i n g  from t h e  i n i t i a l  emission of e l e c t r o n s  by u l t r a v i o l e t  

l i g h t  o r  charged p a r t i c l e s  i n c i d e n t  i n t o  t h e  open mouth of t h e  tube  may be c o l l e c t e d  

a t  t h e  h igh  p o t e n t i a l  o r  ou tput  end i n  e i t h e r  t h e  analog f a sh ion  of measuring t h e  

output  cu r ren t  o r ,  i f  t h e  e l e c t r o n  ga in  i s  s u f f i c i e n t ,  count ing  t h e  ind iv idua l  

pu l se s .  The mater ia l  put on t h e  s u r f a c e  of t h e  g l a s s  tube  and used a s  t h e  

secondary emission ma te r i a l  has  t h e  two s i g n i f i c a n t  advantages of being s t a b l e  

a g a i n s t  extended exposure t o  a i r  and of having a h igh  work f u n c t i o n - r e s u l t i n g  
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i n  both a l a c k  of s e n s i t i v i t y  t o  l i g h t  of wavelengths longer  than about 2000 A 

and an  absence of a thermal n o i s e  background l e v e l .  

0 

The work a t  Goddard has  departed from p r i o r  i n v e s t i g a t i o n s  of t h e  channel 

by Wiley and Hendee and Angel e t .  a l .  i n  t h a t  t h e  e f f o r t  has  been d i r e c t e d  

toward opera t ion  i n  a high e l e c t r o n  gain mode such t h a t  t h e  output pu l se s  may 

be counted ind iv idua l ly .  

f i g u r e  2. 

The experimental  arrangement normally used i s  shown i n  

The i n i t i a l  work w a s  done u t i l i z i n g  s t r a i g h t  channel m u l t i p l i e r s  having 

l eng th - to - ins ide  diameter  r a t i o s  ranging from 50 t o  100. However, t h e  

n e c e s s i t y  of opera t ing  t h e  channel m u l t i p l i e r  a t  e l e c t r o n  ga ins  of up t o  lo7  

has  l e d  t o  t h e  design of a curved channel m u l t i p l i e r  t o  prevent  i n s t a b i l i t y  

e f f e c t s  a s soc ia t ed  with regenera t ive  p o s i t i v e  ion  feedback. The m u l t i p l i e r s  

p r e s e n t l y  used a t  Goddard a r e  i n  t h e  form of a c a p i l l a r y  tube  10 c m  long with 

a 1 mm i n s i d e  diameter and curved through a 270' a r c .  This geometry permits  

s t a b l e  opera t ion  a t  l a r g e  e l e c t r o n  ga ins  a t  ambient p re s su res  wel l  above 0.5 

microns of Hg thus  making t h e  device  s u i t a b l e  f o r  use  i n  sounding rocket  

experiments and eas ing  t h e  problems i n  labora tory  c a l i b r a t i o n  and inves t iga t ion .  

It w a s  found t h a t  t h e  opera t ion  of t h e  channel m u l t i p l i e r  i n  t h i s  high 

ga in  mode has  the  unique r e s u l t  t h a t  t he  output  pu l se s  r e s u l t i n g  from 

ind iv idua l  charged p a r t i c l e s  en te r ing  the  mouth of t h e  tube  e x h i b i t  a 

s t r o n g l y  peaked pu l se  he igh t  d i s t r i b u t i o n .  These pu l ses  a re  of such amplitude 

t h a t  convent ional  p u l s e  count ing and threshold  d i sc r imina t ion  techniques may be 

e a s i l y  used. Moreover, t h i s  ou tput  pu lse  he ight  d i s t r i b u t i o n  i s  of such a n a t u r e  

t h a t ,  w i th  proper s e t t i n g  of t h e  count ing c i r c u i t  d i sc r imina t ion  l e v e l s ,  r e l a t i v e l y  

l a r g e  changes i n  t h e  channel e l e c t r o n  gain due t o  f a t i g u i n g ,  ageing,  o r  d r i f t s  

i n  t h e  app l i ed  v o l t a g e ,  i f  they should occur, w i l l  n o t  a f f e c t  t he  p a r t i c l e  
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count ing e f f i c i e n c y  of t h e  de t ec to r .  

sugges t ive  t o  t h a t  of a Geiger -Mhler  tube  as i s  exemplified by t h e  count ra te  

p l a t eau  curve shown i n  f i g u r e  3 .  

I n  t h i s  sense  t h e  mode of opera t ion  i s  

The appearance of such uniform amplitude output  pu l se s  a t  very  l a r g e  

e l e c t r o n  gains  is ascr ibed  t o  a s a t u r a t i n g  of t he  e l e c t r o n  m u l t i p l i c a t i o n  

process  leading t o  a s e l f  l i m i t i n g  of t h e  ga in .  This s a t u r a t i o n  i s  be l ieved  

t o  come about from t h e  d i s t o r t i o n  of t h e  a x i a l  electric f i e l d  by the  p o s i t i v e  

su r face  charge dens i ty  produced upon the  i n t e r i o r  su r face  of t he  channel a s  a 

d i r e c t  r e s u l t  of t h e  e l e c t r o n  m u l t i p l i c a t i o n  process .  In  t h i s  manner a 

p o t e n t i a l  g rad ian t  which i s  n o t  conducive t o  e l e c t r o n  m u l t i p l i c a t i o n  can be 

c rea t ed  over t h e  c o l l e c t i o n  end po r t ion  of t h e  tube  thus  l i m i t i n g  t h e  ga in .  

A consequence of t h i s  model i s  t h e  occurance of a count ing dead t i m e  while  t he  

per turbed  p o t e n t i a l  d i s t r i b u t i o n  i n  the  channel r e t u r n s  t o  normal with t h e  

r e d i s t r i b u t i o n  of t h e  su r face  charge over t h e  appropr i a t e  RC r e l a x a t i o n  t i m e .  

Such a dead t i m e  phenomena i s  observed as a r educ t ion  i n  t h e  average output  p u l s e  

he igh t  a t  count r a t e s  of about 10 p e r  second. A t  s t i l l  h ighe r  count ing r a t e s  

t h e  peaked p u l s e  he ight  d i s t r i b u t i o n  d e t e r i o r a t e s  i n t o  a very broad d i s t r i b u t i o n  

c h a r a c t e r i s t i c  of lower e l e c t r o n  ga ins  i n  t h e  channel.  

5 

The operat ion of t h e  channel m u l t i p l i e r  a t  lower g a i n s ,  t hus  avoiding 

t h e  l a r g e  d i s t o r t i o n s  i s  t h e  e lec t r ic  f i e l d ,  would a l low h ighe r  count r a t e s  

t o  be obtained without t he  channel “ loading up.” However, t h i s  method of 

achiev ing  a wider dynamic range r equ i r e s ,  i n  g e n e r a l ,  t h a t  t he  peaked pu l se  

he ight  d i s t r i b u t i o n  be s a c r i f i c e d  and a broad p u l s e  he ight  d i s t r i b u t i o n ,  much 

more s e n s i t i v e  t o  ga in  d r i f t s  o r  th reshold  level s e t t i n g s ,  be t o l e r a t e d .  

I n  c o n t r a s t  with t h e  dead time t h e  output  p u l s e  i t s e l f  e x h i b i t s  a 

r i s e  t i m e  of about 10 nanoseconds and a decay t i m e  which i s  set  by the  Rc 

of t h e  output  o r  c o l l e c t i o n  c i r c u i t .  Normally i n  work a t  Goddard an 
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emitter fo l lower  i s  u t i l i z e d  a t  t h e  output of t h e  channel i n  o rde r  t o  d r i v e  

t h e  shunt  capac i ty  of t h e  cabl ing ,  and pulse  amplitudes of 600 mv and 

widths of 0.2 microseconds a r e  t y p i c a l l y  observed. 

The p a r t i c l e  count ing e f f i c i e n c y  of the  channel m u l t i p l i e r  i s  dependent 

upon two f a c t o r s ;  f i r s t  on t h e  p r o b a b i l i t y  t h a t  t h e  i n c i d e n t  p a r t i c l e  w i l l  

produce one o r  more secondary e l e c t r o n s  a t  t h e  inpu t  mouth of t h e  tube ,  and 

secondly upon the  e f f i c i e n c y  with which these  i n i t i a l  e l e c t r o n s  can produce 

a s a t u r a t e d  output  pu l se  ( c o l l e c t i o n  e f f i c i ency) .  

On t h e  b a s i s  of i n v e s t i g a t i o n s  of the  counter  e f f i c i e n c y  us ing  r ad io -  

active b e t a  and x-ray sources ,  t h e  c o l l e c t i o n  e f f i c i e n c y  f o r  s i n g l e  i n i t i a l  

e l e c t r o n s  i s  be l ieved  t o  be i n  t h e  range of 60-80%. Thus, t h e  dependence 

of t h e  count ing e f f i c i e n c y  upon t h e  energy and type of i n c i d e n t  r a d i a t i o n  i s  

governed by t h e  secondary e l e c t r o n  emission r a t i o  appropr i a t e  t o  t h e  i n -  

coming p a r t i c l e s  s t r i k i n g  t h e  channel sur face ,  a r a t i o  which i s  gene ra l ly  

r e l a t i v e l y  h igh  f o r  p o s i t i v e  ions  and which may range f o r  e l e c t r o n s  from 

somewhat l a r g e r  than  1.0 t o  less than 0.1. 

Hence, one may conclude t h a t  t h e  counting e f f i c i e n c y  of t h e  d e t e c t o r  f o r  

i n c i d e n t  pro tons  having ene rg ie s  g r e a t e r  than some 100 e V  is  q u i t e  high 

(approaching u n i t y )  and remains h igh  f o r  proton energ ies  of up t o  hundreds 

of keV. The ex i s t ence  of a h igh  counting e f f i c i e n c y  f o r  e n e r g e t i c  i ons  has  

been confirmed us ing  a lpha  p a r t i c l e  sources.  

For e l e c t r o n s ,  on t h e  o the r  hand, t h e  count ing e f f i c i e n c y  would e x h i b i t  

a peak f o r  i n c i d e n t  ene rg ie s  around 1 keV and slowly d e c l i n e  with inc reas ing  

energy - r e f l e c t i n g  a d e c l i n e  of t h e  secondary emission r a t i o  with increas ing  

e l e c t r o n  energy. Experiments were performed t o  determine d i r e c t l y  the  
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count ing e f f i c i ency  f o r  e l e c t r o n s  i n  t h e  t e n s  of keV range. 

vo l t age ,  hot  f i l ament  arrangement was used t o  ob ta in  the  v a r i a b l e  

energy e l ec t ron  beam, and a s e n s i t i v e  e l ec t rome te r  used t o  measure t h e  

e l e c t r o n  cu r ren t  i nc iden t  i n t o  t h e  channel m u l t i p l i e r  mouth. 

count r a t e  was then compared with the  inpu t  c u r r e n t  t o  obta in  the  e f f i c i e n c y .  

The measurements f o r  e l e c t r o n s  of 50 keV i n d i c a t e  an e f f i c i e n c y  of about 30% 

while a t  10 keV t h e  e f f i c i e n c y  wasabout 60% thus  d i sp lay ing  t h e  q u a l i t a t i v e  

behavior pred ic ted  by secondary e l e c t r o n  emission da ta .  

A high 

The r e s u l t i n g  

Although t h e  measurements of t h e  inpu t  c u r r e n t s  are unce r t a in  due t o  t h e  

use  of very low input  p a r t i c l e  f luxes  t o  avoid dead time e f f e c t s  i n  the  channel ,  

t he  r e s u l t s  a r e  i n  good agreement with those  es t imated  from experiments 

performed with Ni-63 (average energy fi: 20 keV) and S-35 (average energy 

60 keV) be ta  sources .  Hence t h e  quoted e f f i c i e n c i e s  are be l ieved  t o  be 

reasonably accura te .  

Long term d r i f t s  i n  t h e  e l e c t r o n  ga in  of t he  channel wi th  use  - of 

c r i t i c a l  importance i n s o f a r  a s  s a t e l l i t e  a p p l i c a t i o n s  a r e  concerned - are  

d i f f i c u l t  t o  expose unambiguously during opera t ion  i n  l abora to ry  vacuum 

systems as contamination, even when l i q u i d  n i t r o g e n  co ld  t rapped systems a r e  

used, may become t h e  major cause of ga in  degrada t ion .  Indeed, t h e  observed 

gradual  dec l ine  i n  the  e l e c t r o n  ga in  of t h e  channel a f t e r  opera t ion  a t  a 

modest count r a t e  f o r  a per iod of weeks i n  d i f f u s i o n  pump vacuum systems i s  

found t o  be r e v e r s i b l e ,  no t  by l l r e s t l l  as  i s  t h e  remedy f o r  f a t i g u e  i n  

photomul t ip l ie r  tubes,  bu t  through c leaning  procedures .  

i n d i c a t e  t h a t  t he  secondary emission r a t i o  of t h e  m u l t i p l i e r  s u r f a c e  w a s  

being a l t e r e d  through contamination by pump o i l  chemical ly  decomposed by 

the  cascade e l ec t rons .  

This i s  taken t o  

Study of long term degrada t ion  would need t o  be 
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c a r r i e d  out  i n  very c l ean  s t a t i c  vacuum systems o r  i n  o i l - l e s s  dynamic 

systems t o  be meaningful . 
. 

Because t h e  pu l se  i t s e l f  from t h e  channel m u l t i p l i e r  carries no 

information as t o  t h e  type  o r  mergy  of t h e  inc iden t  pa r t i c l e ,  i n  genera l  

s e p a r a t e  pre-ana lys i s  of the incoming p a r t i c l e  flux must be introduced. i n t o  

any experiment t o  d e f i n e  t h e s e  f a c t o r s .  F igure  4 i l l u s t r a t e s  one approach 

t o  t h i s  problem - a bending magnet d i f f e r e n t i a l  energy spectrometer  developed 

t o  d e t e c t  e l e c t r o n s  i n  t h e  2-20 keV energy range and used on sounding rocke t  

payloads launched t o  i n v e s t i g a t e  t h e  energy s p e c t r a  of a u r o r a l  e l ec t rons .  

F igure  5 i s  a ca l cu la t ed  geometric f ac to r  VS. i nc iden t  e l e c t r o n  energy curve 

(weighted f o r  an i s o t r o p i c  p a r t i c l e  f lux)  and g ives  an i n d i c a t i o n  of t h e  energy 

r e s o l u t i o n  of such a system. 

confirmed i n  a c t u a l  c a l i b r a t i o n s  wi th  e l ec t ron  beams. 

Four such d e t e c t o r  modules were included i n  t h e  rocke t  payload, one i n  

The c h a r a c t e r i s t i c s  of  t h e  energy pass  band were 

a sh i e lded  background conf igu ra t ion  and t h e  remaining t h r e e ,  t h e i r  energy 

acceptance bands ad jus ted  by magnet s e l e c t i o n ,  exposed d i r e c t l y  t o  t h e  incoming 

a u r o r a l  p a r t i c l e s .  

exposed d e t e c t o r s  du r ing  NASA f l i g h t  14.118, launched on March 23, 1964 i n t o  

post-  breakup type  aurora .  

F igure  6 d i s p l a y s  the  r a w  count r a t e  n i s t o r y  of t h e  t h r e e  

"lie fol lowing p o i n t s  t oge the r  i n d i c a t e  t h a t  t h e  d e t e c t o r  systems were 

ope ra t ing  properly and producing v a l i d  da t a .  

1. me channel m u l t i p l i e r  i s  responding to  incoming r a d i a t i o n  by an 

a l t i t u d e  of  100 km, i.e. a n  ambient atmospheric p re s su re  of about 0.3 micron. 

This  is c o n s i s t e n t  both wi th  t h e  atmospheric absorp t ion  of t h e  inc iden t  

r a d i a t i o n  and t h e  maximurn p res su re  f o r  which t h e  channel w i l l  o p e r a t e  

(allowing a time l a g  f o r  exhaust ing t h e  a i r  from t h e  payload).  



-8 - 
2. The peaks i n  count  ra te  a r e  reproduced s imultaneously and i n  g r e a t  

d e t a i l  by a l l  t h r e e  d e t e c t o r s .  

enhanced au ro ra l  luminousi ty  and ionospher ic  d i s turbance .  

These peaks correspond i n  t i m e  t o  per iods  of 

3. The count ra te  peaks r e g i s t e r e d  by t h e  channel m u l t i p l i e r s  a r e  

co inc iden t  i n  t i m e  t o  t h e  response of a t o t a l  energy s c i n t i l l a t i o n  d e t e c t o r  

c a r r i e d  i n  the  payload. This lends  assurance t h a t  t h e  channel m u l t i p l i e r  

d e t e c t o r s  were indeed responding t o  an  i n f l u x  of r a d i a t i o n .  

4 .  The background channel m u l t i p l i e r ,  a l though showing inc reases  dur ing  

per iods  of l a rge  p a r t i c l e  i n f l u x ,  had maximum count r a t e s  of about 100 cps,  

1% of the  response of t h e  3.2 keV channel m u l t i p l i e r .  

the  3000 vo l t  power supply d r i v i n g  t h e  f o u r  channel m u l t i p l i e r s  may be 

e l imina ted  a s  a cause of spur ious  count ra te  peaks. 

Thus abnormal i t ies  i n  

5. 

25 keV, 0.6 f o r  10 keV, and 0.7 f o r  3.2 keV) e l e c t r o n  energy spectrum may be 

ex t r ac t ed  from the  da t a .  

p rev ious ly  found f o r  a u r o r a l  e l e c t r o n  p r e c i p i t a t i o n .  Moreover, t h e  t o t a l  

energy inf luxes  i n f e r r e d  from t h e  d a t a  a r e  a l s o  i n  agreement with those  f l u x e s  

normally assoc ia ted  with au ro ras  of t he  i n t e n s i t y  t h a t  were observed during 

t h e  f l i g h t .  

By applying t h e  b e s t  count ing e f f i c i e n c y  d a t a  a v a i l a b l e  (0.4 f o r  

These s p e c t r a  a re  i n  good agreement with s p e c t r a  

6 .  From d e t a i l s  of t h e  s t e e p  decrease  i n  count ing ra te  between +340 sec. 

and +350 sec.  (caused by t h e  atmospheric abso rp t ion  of t h e  i n c i d e n t  e l e c t r o n s )  

a rough determinat ion of t h e  average energy of t h e  e l e c t r o n  beam may be made. 

Such an a n a l y s i s  g ives  an average energy on t h e  o rde r  of 10 t o  20 keV. 

i s  i n  good agreement with the  energy spectrum determined d i r e c t l y  from t h e  t h r e e  

ind iv idua l  channels a t  +330 seconds, j u s t  p r i o r  t o  r e -en te r ing  t h e  atmosphere. 

This 
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In  conclusion it  has been found t h a t  t h e  continuous channel e l e c t r o n  

m u l t i p l i e r ,  when operated i n  t h e  sa tu ra t ed  pulse  mode, can provide a 

s t r a i g h t  forward and convenient means of d e t e c t i n g  low energy charged 

p a r t i c l e s  both i n  t h e  labora tory  and i n  sounding rocket  experiments. 

The success  of t h e  device  i n  long l i ved  s a t e l l i t e  experiments pr imar i ly  

depends, a t  t h i s  po in t ,  on its long term s t a b i l i t y  c h a r a c t e r i s t i c s  which, 

i n  t h e  absence of contamination, are believed t o  be good. 

Discussions wi th ,C.  F. Hendee, G. Goodrich, and K. Schmidt of t h e  Bendix 

Research Laborator ies  have been g r e a t l y  appreciated.  

whi le  t h e  author  was  t h e  r e c i p i e n t  of a National Academy of Science - NASA 

Postdoctora l  Fellowship. 
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FIGURE CAPTIONS 

FIG 1. A schematic of t h e  e l e c t r o n  m u l t i p l i c a t i o n  process  i n  a channel 

m u l t i p l i e r  ( a f t e r  Wiley and Hendee). 

The experimental  arrangement employed a t  Goddard f o r  t he  i n -  

v e s t i g a t i o n  of t h e  pu l se  mode of opera t ion .  

A count r a t e  p l a t eau  curve obtained from a channel m u l t i p l i e r  

FIG 2. 

FIG 3. 

u t i l i z i n g  a Ni-63 be ta  source and count ing e l e c t r o n i c s  having 

a 100 mv pulse  he ight  threshold.  

A schematic of a be ta  r ay  d ispers ion  spectrometer  employed on 

sounding rockets  t o  d e t e c t  l o w  energy e l e c t r o n s .  

The energy r e s o l u t i o n  of t he  ana lyzer  system shown i n  f i g u r e  

FIG 4 .  

FIG 5. I. 

FIG 6. The count r a t e  h i s t o r y  of th ree  channel m u l t i p l i e r s  on a sounding 

rocket  which passed through an aurora.  
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